Behavioral evidence from phylogenetically diverse animals and from humans suggests that, by extracting temporal information inherent in the olfactory signal, olfaction is more involved in interpreting space and time than heretofore imagined. If this is the case, the olfactory system must have neural mechanisms capable of encoding time at intervals relevant to the turbulent odor world in which many animals live. Here, we review evidence that animals can use populations of rhythmically active or 'bursting' olfactory receptor neurons (bORNs) to extract and encode temporal information inherent in natural olfactory signals. We postulate that bORNs represent an unsuspected neural mechanism through which time can be accurately measured, and that 'smelling time' completes the requirements for true olfactory scene analysis.
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Introduction: Sensory Discrimination of Odor Space and Time
All sensory modalities face the common challenge of detecting and encoding the four fundamental sensory dimensions (quality, quantity, space, and time) to optimize the information capacity of the modality. In olfaction, the major focus of the field has been to understand how the olfactory system discriminates odor quality and quantity. Although this question remains, significant progress has been made. However, the extent to which the olfactory system discriminates odor space and time is considerably less clear. Indeed, these dimensions are frequently considered to be less salient to olfaction, leading to the common perception that animals obtain the spatiotemporal information necessary to deal with their odor worlds (i.e., scene analysis; see Glossary) through other sensory modalities. Here, we review evidence that animals can extract temporal information from natural odor cues. We then review a novel neural mechanism through which the olfactory system can encode time and we propose a model for computational olfactory scene analysis. Finally, we address the question of how animals use temporal information inherent in the olfactory modality and whether such information could have diverse roles in olfaction.
Behavioral Evidence That Animals Extract Temporal Information from the Odor World
Behavioral evidence suggests that, by extracting temporal information that is one of the essential ingredients needed to execute behavior in a complex spatial world, olfaction is more involved in interpreting space and time than was previously thought. In nature, odors emitted into air or water are often advected by turbulent flows, forming a plume downstream of the source. Within the plume, odor concentration exhibits a complex, dynamic structure that evolves over time [1] . While mean odor concentration varies systematically with down-current and cross-current distance from the source, this pattern is only evident when the odor concentration is averaged over a spatial scale that is larger than the physical size of an animal. At the scale of the animal, other properties of the odor field dominate, including high concentration whiffs of odor and gaps between whiffs during which concentration is low (e.g., [2, 3] ). These strong fluctuations in
Trends
Recent behavioral studies suggest that olfaction is more involved in interpreting space and time than heretofore imagined.
This has led researchers to search for neural mechanisms that might encode time at intervals relevant to the turbulent odor world in which many animals live.
Recent physiological and computational studies suggest a functional subclass of oscillatory primary olfactory receptor neurons that has the capacity to faithfully encode the intermittency inherent in odor signals.
The ability to encode the spatiotemporal structure inherent in the odor signal, together with the well-established ability of the olfactory system to discriminate odor quality and quantity, provides the basis for true olfactory scene analysis.
